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INTRODUCTION 
The process of animal development involves a complex rearrangement 
of cells to transform a single, fertilized egg into a multicellular organism. As 
development progresses, cells are allocated to precise, determined fates by the 
expression of specific gene products. Early gene products organize the 
developing embryo into segments or compartments that develop into 
specialized adult structures (Lawrence, 1992). 
In Drosophila melanogaster, commonly known as the fruit fly, the 
expression patterns of developmental genes have been extensively studied. 
The body plan for the fruit fly is layed down very early in development by five 
classes of genes that control development of the Drosophila embryo. Maternal 
effect genes, the first class to be expressed, establish polarity and spatial 
coordinates of the egg and developing embryo (NOsslein-Volhard, 1979). 
These genes regulate the expression of the next class of genes, the gap genes. 
Gap genes subdivide the embryo into broad regions along the anterior-
posterior axis (Hooper and Scott, 1992) and, in turn, control the expression of 
pair-rule genes. Pair-rule genes allocate cells to narrower bands of individual 
segments (Lawrence, 1992) and determine the expression of segment polarity 
genes. Segment polarity genes further divide the embryo into anterior and 
posterior compartments within each segment (Lawrence, 1992). Finally, the 
expression of homeotic genes provides specific identity to each segment 
(Duncan, 1987). 
The expression and interaction of these developmental genes 
establishes the segmental and parasegmental organization of Drosophila. 
Although the body design of the adult fruit fly is based on a segmental register, 
parasegments are the basic units of organization in the embryo (Lawrence, 
1992). Because of this difference in body arrangement, it is important to 
establish the relationship between segments and parasegments. Drosophila 
embryos are organized into 15 parasegments (Sanchez-Herrero, 1991 ). A 
parasegment consists of the posterior compartment of one segment and the 
anterior compartment of the adjacent segment (Martinez-Arias and Lawrence, 
1985). For example, parasegment 13 (PS13) consists of the posterior 
compartment of abdominal segment 7 (pA7) and the anterior compartment of 
abdominal segment 8 (aA8) . 
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The embryonic pattern provides the basic organization needed to direct 
the development of the adult fly. In higher dipterans, such as D. melanogaster, 
adult structures arise from larval imaginal discs. Imaginal discs are formed by 
the invagination of the embryonic epidermis and develop as sac-like structures 
in the hemocoel attached to the larval epidermis by a thick stalk. Each disc is a 
primordium for the external structures of a specific part of the adult fly (Bryant, 
1978). 
In D. melanogaster, the genital disc develops from a fusion of embryonic 
segments AS, A9 and A 10 (Epper, 1983a). As a result of this fusion, the genital 
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discs of both sexes contain three primordia: a female genital primordium, a 
male genital primordium, and an anal primordium (Nothiger et al., 1977; 
Schupbach et al., 1978). -Th-e female genital primordium, derived from 
embryonic segment AS, forms the female genitalia; the male genital primordium, 
derived from embryonic segment A9, develops into male genitalia; and the anal 
primordium, derived from embryonic segment A 10, forms the analia (Nothiger et 
al., 1977). 
Fate mapping and genetic mosaic studies have shown that male and 
female genital discs contain a repressed genital primordium of the opposite sex 
that does not form any adult structures (Nothiger et al., 1977; Epper and 
Nothiger, 1982; Epper, 1983a). In normal female development, the imaginal 
cells of the ninth segment are in a repressed state while in males the imaginal 
cells of the eighth segment are repressed (Epper and Nothiger, 1982). 
Using clonal analysis, Epper and Nothiger (1982) concluded that in 
female discs, the female genital primordium lies in the ventral epithelium, the 
repressed male genital primordium in the anterior half of the dorsal epithelium 
and the anal primordium in the posterior part of the dorsal epithelium. A 
comparative analysis of wild-type and intersexual genital discs localized the 
repressed female primordium to the posterior half of the ventral epithelium of 
the male disc (Epper, 1981 ), while mosaic fate-mapping analyses localized the 
male primordium to the anterior half of the male disc and the anal primordium to 
the posterior half (Bryant and Hsei, 1977). 
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In both sexes, the bilaterally symmetrical genital disc is located ventrally 
in the eighth segment of the larva, just anterior to the anus (Littlefield and 
Bryant, 1979a). The female-disc consists of thick, columnar epithelium on its 
ventral side, while the dorsal side is composed of thick, columnar epithelium 
only in its posterior half (Littlefield and Bryant, 1979a). The anterior half of the 
dorsal side is thinner, but the epithelium thickens at the anterior side of the disc 
(Littlefield and Bryant, 1979a). The male genital disc consists of a posterior 
layer of columnar epithelium that extends dorsally and joins a thin layer of 
epithelium on the anterior-dorsal side (Littlefield and Bryant, 1979a). The 
anterior side also contains a thick layer of columnar epithelial cells, similar to 
the ventral region of the female disc (Littlefield and Bryant, 1979a). 
Although a great deal of information is known about the morphology of 
the male and female genital discs, little is known about the segmental and 
parasegmental organization of the discs. The segmentallparasegmental 
organization of the Drosophila embryo has been extensively mapped by 
studying the expression patterns of the five classes of developmental genes. 
The expression patterns of these genes have been localized in embryos using 
immunocytochemical detection techniques as well as in situ hybridization. 
These same techniques can be used to localize gene expression in genital 
discs. 
By using the embryonic expression patterns as a guide, the 
segmentallparasegmental organization of the genital discs can be determined. 
In this study, the expression patterns of the segment polarity genes eng railed 
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(en), cubitus interruptus Dominant (ci-D) , hedgehog (hh), wingless (wg), 
decapentaplegic (dpp), and gooseberry(gsb) have been localized in the genital 
discs as well as the homeotic genes abdominal-A (abd-A), Abdominal-a (Abd-
8), and caudal (cad). The expression pattern of the gene cut (ct), which 
localizes external sense cells, has also been determined. 
The segment polarity gene eng railed is expressed in all cells of posterior 
compartments and not in anterior compartments of Drosophila embryos 
(DiNardo et al. , 19S5; Fjose et al. , 19S5; Ingham et al. , 19S5; Kornberg et al., 
19S5; Karr et al., 19S9). en has also been localized to posterior compartments 
of the leg and wing imaginal discs (Kornberg et al., 19S5). Therefore, en should 
also identify posterior compartments of genital discs. Since the genital disc is 
composed of abdominal segments AS, A9 and A 10, the posterior compartments 
of each of these segments should be detected. Kuhn et al. (1992) have 
demonstrated that en does mark posterior compartments of segments AS and 
A9 in embryos; however, the existence of a posterior compartment for segment 
A 10 has not been resolved. In a study using en mutants, Epper and Sanchez 
(19S3) concluded that en expression was necessary for the formation of all 
three primordia in the genital discs and, therefore, must be expressed in all 
three segments that derive the primordia. Immunocytochemical detection of the 
en protein product in genital discs should answer this question. 
The expression of cubitus interruptus Dominant is anterior compartment 
specific in both embryos and wing, leg and eye/antenna! imaginal discs (Eaton 
and Kornberg , 1990). Therefore, ci-0 should also localize anterior 
compartments in genital discs. 
In embryos, winglessi s expressed in cells just anterior to en at the 
posterior margin of each parasegment (Akam, 1987; Baker, 1987; Hooper and 
Scott, 1992). In leg and wing imaginal discs, wg is expressed in sectors of 
anterior compartments that provide references for a polar coordinate system 
(Couse et al., 1993). Although those cells expressing wg in the genital discs 
should abut those cells expressing en and mark parasegment boundaries, wg 
may also assume a different function in genital discs as it does in leg and wing 
discs. 
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The expression of decapentaplegic is seen as a series of dorsal-lateral 
spots in each embryonic segment and is believed to determine the dorsal-
ventral coordinate of the embryo (Blackman et al., 1991 ). In leg and wing 
imaginal discs, dpp is expressed in cells just anterior to cells expressing en in a 
stripe running along the anterior-posterior compartment boundary (Masucci et 
al., 1990; Blackman et al., 1991). Genital disc expression of dpp should also 
localize the A-P compartment boundaries. 
In late stage embryos, gooseberry is expressed coincident with wg in the 
ventral ectoderm (Hooper and Scott, 1992), just anterior to en. By detecting the 
gsb protein product in the genital discs, the segmental/parasegmental 
expression of gsb should be determined. 
hedgehog is expressed coincident with en in the posterior compartments 
of embryos and imaginal discs (Lee et al. , 1992; Tabata et al., 1992). Therefore, 
the expression of hh should also identify posterior compartments in genital 
discs. 
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Embryonic expression patterns have localized the homeotic gene, 
caudal, to parasegment 15 (PS15) which consists of the posterior compartment 
of segment A9 (pA9) and the anterior compartment of segment A 10 (aA 1 0; 
MacDonald and Struhl, 1986; Mlodzik and Gehring, 1987). However, cad 
mutants show a loss of function in segments A 10/11 (Akam, 1987). By double 
staining for the expression of hh and cad in genital discs, a determination can 
be made as to whether cad is expressed in parasegments or segments. If cad 
is expressed in PS15, the expression of hh in pA9 should be coincident with the 
expression of cad in PS15 (pA9-aA 1 0), but only in the anterior portion of PS15. 
If cad is expressed in segments A 10/11, there should be no coincident 
expression of hh and cad in pA9. 
The homeotic genes abdominal-A and Abdominal-a are two of three 
genes belonging to the Bithorax-Complex (BX-C; Sanchez-Herrero et al., 1985; 
Tiong et al., 1985; Casanova et al., 1986). abdominal-A is expressed in PS7-
PS13 (pA1-aA8; Sanchez-Herrero et al., 1985; Macias et al., 1990), while 
Abdominal-a is expressed in PS1 O-PS15 (pA4-aA 1 0; Duncan, 1987; Kuhn et 
al., 1992). Abd-8 has two distinct functions mediated by two different proteins: 
a morphogenetic (m) function and a regulatory (r) function (Casanova et al., 
1986; Delorenzi et al., 1988; Sanchez-Herrero and Crosby, 1988; Kuziora and 
McGinnis, 1988). The m function is encoded by the Class A transcript and is 
specific to parasegments 10, 11, 12, and 13 (Delorenzi and Bienz, 1990; 
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Boulet et al., 1991 ). The r function is encoded by the Class Band Class C 
transcripts and is restricted to PS14 and the anterior side of PS15 (Boulet et al. , 
1991 ). If genital discs are comprised of segments AS, A9 and A 10, abd-A 
expression should be limited to aAS, while Abd-8 should be expressed in AS, 
A9 and aA 10. The Class A transcript of Abd-8 should also identify the posterior 
part of PS13 (aAS) in the genital disc, while the Class Band Class C transcripts 
should localize PS14 (pA8-aA9) and the anterior side of PS15 (pA9). 
Antibody detection of the cut protein has localized cut to external sensory 
organ cells (Biochlinger et al., 1990). cut expression should also localize those 
cells that develop into external sense organs in the genital disc. 
In this study, the expression patterns of en, ci-0, gsb, abd-A, Abd-8, cut, 
and cad were detected using primary antibodies directed against the protein 
products of these genes. Secondary antibodies directed against the primary 
antibodies were conjugated to peroxidase and, when incubated with a 
DAB/H202 substrate, a brown color reaction occured. The expression of wg, 
dpp, and hh were detected using transgenic fly strains that express the 
Escherichia coli gene B-galactosidase under the control of either the wg, dpp, or 
hh promoter so that B-gal expression mimics wg, dpp, or hh expression. B-gal 
expression was localized using the chromogenic substrate, X-gal (5-Bromo-4-
chloro-3-indolyi-B-D-galactoside), which produces a blue color reaction. By 
combining the antibody and B-gal detection methods, a double labeling 
technique was used to localize the expression of two different genes 
simultaneously. By using double labeling, the relationship between the 
9 
expression pattern of one gene can be com pared to the expression pattern of a 
second gene. This allows the expression of one gene to serve as a marker for 
determining the segmental.fparasegmental expression of a second gene. 
The objectives of this study are: to determine the expression patterns of 
developmental genes in genital discs; to map the segmentallparasegmental 
organization of the male and female genital discs; to localize the three 
primordia in male and female genital discs; and to determine the adult 
structures that derive from each primordia using established fate maps. 
MATERIALS AND METHODS 
Drosophila stock maintenance 
Drosophila stocks were maintained at approximately 25°C on a standard 
medium consisting of cornmeal, agar, brewer's yeast, sucrose, dextrose, 
proprionic acid and phosphoric acid. Methylparaben was added to the surface 
of the medium to suppress mold growth. 
Drosophila stocks used 
1. Canton-S wild-type strain; used to determine the protein expression of 
en, ci-0, gsb, cad, abd-A, Abd-8, and cut. 
2. wg-lacZ/CyO; transformed strain that expresses the E. coli B-
galactosidase gene under the control of the wg promoter (Kassis et al., 1992). 
3. hh-lacZI+; transformed strain that expresses the E. coli B-galactosidase 
gene under the control of the hh promoter (Lee et al., 1992). 
4. dpp-lacZI+; transformed strain that expresses the E. coli B-
galactosidase gene under the control of the dpp promoter (Blackman et al., 
1991 ). 
Primary antibodies used 
1. mouse anti-Abd-8 monoclonal antibody 1 A2E9 (provided by Sue 
Celniker); 1 :2 dilution used. 
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2. rat anti-abd-A polyclonal antibody (provided by Ana Macias); 1 :200 
dilution used. 
3. rat anti-gsb monochmal antibody (provided by Bob Holmgruen) ; 1:1 
dilution used. 
4. rat anti-cad monoclonal antibody p312 (provided by Gary Struhl); 
1 :800 dilution used. 
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5. rat anti-ci-0 monoclonal antibody 2A-1 (provided by Cynthia Kelsey); 
1 :1 dilution used. 
6. mouse anti-en monoclonal antibody 409 (provided by Tom Kornberg); 
1 :1 dilution used. 
7. rat anti-cut monoclonal antibody (provided by Karen Bloch linger) ; 1 :1 
dilution used. 
Fixation of genital discs 
Phosphate buffered saline was placed in each of 10 depression wells of 
a glass plate. Four third-instar larvae were placed in each of these 10 wells for 
a total of 40 larvae. Male and female larvae were differentiated by the presence 
of testes in the males. Testes appear as large, translucent, oval spheres under 
the· epidermis and are located in the dorsal-lateral region of the posterior half of 
the larvae. To fix the genital discs, each larva was cut in half with a straight-
edged razor blade. The posterior half was inverted by holding the epidermis 
with one pair of forceps and gently pressing down on the posterior spiracles 
with a second pair of forceps. After inversion, each posterior half was 
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immediately placed in a 1.5 ml microcentrifuge tube containing a fixative 
solution of either 0.2°/o glutaraldehyde in PBT (PBS plus 0.1 °/o Triton X-1 00) for 
X-gal staining , or 2°/o formalin-in PBT for antibody and double-labeling 
detection. Male and female larvae were placed in separate 1.5 ml 
microcentrifuge tubes and fixed for 30 minutes with rotation on an Adams 
Nutator (Clay Adams). 
Detection of B-galactosidase 
Fixation was followed by three 5-minute washes and one 1 0-minute 
wash in PBT with rotation. After removing the final wash solution, a staining 
solution containing 0.2°/o X-gal (diluted from an 8°/o stock solution in DMSO), 
5mM K2[Fe(CN)6], 5mM K3[Fe(CN)6] and 0.3°/o Triton X-1 00 in PBS was added. 
Discs were stained from 1 hour to overnight at 37°C. Stain intensity was 
monitored by placing one or two discs plus stain solution in a watch glass and 
examining the color development under a dissecting microscope. When the 
desired color intensity was reached, the reaction was stopped by removing the 
stain solution and washing the discs in PBT three times for 5-minutes each. 
After removing the last wash solution, two drops of 80°/o glycerol were added 
and the discs mounted as described below. 
Antibody staining of genital discs 
The antibody staining procedure for genital discs is a modification of that 
used by S.E. Celniker (personal communication) . Fixation (see above) was 
followed by two 5-minute, one 1 0-minute and two 20-minute washes in PBT. 
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The discs were then blocked for 3a minutes in a.1 °/o normal goat serum in PBT. 
After blocking, the discs were incubated with the primary antibody overnight at 
4°C on a rotating wheel. The-primary antibody was removed and stored at 4°C 
for later use. (Note: Initial use of the primary antibody may result in nonspecific 
background staining. The primary antibody may need to be reused several 
times to obtain the best results) . The discs were washed at room temperature in 
PBT twice for 5 minutes, once for 1 a minutes and twice for 2a minutes. The 
discs were blocked for 3a minutes in a.1 o/o normal goat serum in PBT and then 
incubated with the secondary antibody. 
For en and Abd-B detection, the discs were incubated for 2 hours with a 
1 :2aa dilution of a peroxidase-conjugated goat anti-mouse lgG secondary 
antibody (Jackson lmmunoResearch Laboratories, Inc.) followed by two 5-
minute, one 1 a-minute and two 2a-minute washes in PBT. 
For detection of gsb, ci-0, abd-A, cad and cut, the discs were incubated 1 
hour with a 1 :2aa dilution of a biotinylated goat anti-rat lgG secondary antibody 
(Vector Laboratories), followed by two 5-minute, one 1 a-minute and two 2a-
minute washes in PBT. The discs were then blocked for 3a minutes in a.1 °/o 
normal goat serum in PBT and incubated 3a minutes in a preformed avidin and 
biotinylated horseradish peroxidase macromolecular complex (1 :2aa dilution of 
reagents A and B of the Vectastain Elite ABC Kit, Vector Laboratories). This 
tertiary incubation was followed by two 5-minute, one 1 a-minute and two 2a-
minute washes in PBT. 
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For the color reaction , 0.3 mg/ml diaminobenzoic acid (DAB) in PBT was 
added to the discs followed by 10 Jll of 0.3°/o H20 2/ml. Color development was 
monitored under a dissecting-microscope and stopped when the desired color 
intensity was reached (approximately 2 minutes for Abd-8; 3 minutes for cad; 5 
minutes for ci-0 and abd-A; and 10 minutes for en, gsb, and cut) by washing the 
discs in PBT three times for 5 minutes each. The discs were then mounted in 
80°/o glycerol as below. 
Mounting of genital discs 
To mount the discs after X-gal or antibody staining, the posterior larval 
halves were transferred in 80°/o glycerol to a microscope slide using a 
1 000-JJI micropipet. The slide was placed under a dissecting microscope and 
the discs dissected from the larval epidermis by holding the epidermis with a 
pair of forceps and carefully cutting the stalk attachment with a tungsten needle. 
The discs were then transferred to the depression well of a hanging-drop slide 
containing 80°/o glycerol by lifting each disc with a tungsten needle or forceps. 
Discs were then photographed at various angles by turning each disc with a 
tungsten needle while viewing the discs under a Zeiss Universal microscope 
with Nomarski optics at 160x magnification . 
Double labeling technique 
With the exception of hh, all X-gal and antibody double stains were 
performed as follows. The antibody staining procedure was performed as usual 
(see above) followed by X-gal staining to detect B-gal. After the DAB/H20 2 color 
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reaction in the antibody staining method, the discs were washed in PBT twice 
for 5 minutes, once for 10 minutes and twice for 20 minutes. The discs were 
then incubated in the X-gal-staining solution overnight at 37°C. The staining 
reaction was stopped by washing the discs three times for 5 minutes each. The 
discs were then mounted as usual (see above) . 
For double labeling using the hh strain , the X-gal staining procedure was 
performed followed by antibody staining. The hh larval discs were incubated 24 
hours at 37°C in the X-gal staining solution followed by two 5-minute, one 1 a-
minute and two 20-minute washes in PBT. The discs were then blocked 30 
minutes in 0.1 °/o normal goat serum in PBT and incubated in the primary 
antibody overnight at 4°C on a rotating wheel. The antibody staining procedure 
was continued as usual (see above). 
RESULTS 
When determining the expression patterns of developmental genes in 
larval genital discs, it is important to note that the genital discs are three-
dimensional structures. Not only do they have dimensions of height and width, 
but depth as well. Gene expression can be localized not only to the exterior 
epithelial surface of the discs, but also to areas of cells that occupy interior 
positions of the discs. 
Bilateral symmetry is another feature unique to genital discs as opposed 
to other imaginal discs. Due to symmetry, gene products are expressed as 
mirror images across the sagittal midline of the discs; the right half is a mirror 
image of the left half. 
A third feature of genital discs is that they develop from the fusion of three 
embryonic segments whereas other discs develop from only one segment. 
Gene expression is, therefore, localized to three segments instead of one. 
Morphological observations 
Although the morphological observations in this study basically conform 
with previous observations, there are a few minor differences. 
The female genital disc is approximately 200 J.lm in width from the left 
lateral edge to the right lateral edge with an approximate height of 100 J.lm from 
the anterior edge to the posterior edge. From the ventral surface to the dorsal 
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surface, it has a depth of approximately 50 J.lm at its thickest point. The thickest 
point of the disc forms two bilaterally symmetrical anterior-ventral lobes 
thatoccupy approximately 1wo:thirds of the ventral side and almost all of the 
anterior side of the disc. The anterior-dorsal part of the disc consists of a thin 
layer of cells that extends posteriorly to the anterior two-thirds of the dorsal side. 
The posterior one-third of the dorsal side thickens, forming two bilaterally 
symmetrical posterior lobes. A thin layer of tissue folds ventrally, extending from 
the posterior lobes anteriorly_ to form the posterior third of the ventral side of the 
disc. 
A morphological diagram of the female disc, modified from Epper and 
N6thiger (1982), is presented below. The lightly shaded areas represent the 
ventral epithelium and the darkly shaded areas represent the dorsal epithelium. 
The abbreviations used represent the following regions: AL, anterior lobe; AP, 
anal primordium; FGP, female genital primordium; AMP, repressed male 
primordium; VF, ventral fold of dorsal epithelial tissue. The top of the disc is 
anterior and the bottom of the disc is posterior. 
RMP . 
The male disc is approximately 150 J.lm from the left lateral edge to the 
right lateral edge and approximately 75 J.lm from its anterior side to its posterior 
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side. At its thickest point, the male disc is approximately 30 Jim from ventral to 
dorsal side. The thickest part of the disc is located in the anterior half of the disc 
and consists of two bilaterally symmetrical bulbi which extend to the ventral half 
of the disc. The anterior bulbi are enclosed by a lumen which is surrounded by 
a thin layer of cells on the dorsal and ventral sides. The dorsal side of the disc 
remains thin in its anterior half but thickens in its posterior half. Two thick, 
bilaterally symmetrical lobes are found at the posterior side of the disc. As in 
the female disc, a thin layer of tissue folds ventrally from the posterior lobes to 
form the posterior part of the ventral side. The central region of the ventral side 
consists of two bilaterally symmetrical lateral lobes. 
A morphological diagram of the male disc, modified from Epper and 
Nothiger (1982), is presented below. The lightly shaded areas represent the 
ventral epithelium and the darkly shaded areas represent the dorsal epithelium. 
The abbreviations used identify the following regions: AB, anterior bulbus; AP, 
anal primordium; DL, disc lumen; LL, lateral lobes; MGP, male genital 
primordium; RFP, repressed female primordium. The top of the disc is anterior 
and the bottom of the disc .is posterior. 
. .... ·- :. 
Expression patterns of developmental genes 
The expression patterns of the developmental genes detected in this 
study are presented in Fig. -1-30 of Appendix A. 
eng railed. Three regions of en expression are apparent in both male 
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and female genital discs. In the female disc, en expression localizes to two 
bilaterally symmetrical bands on the ventral epithelial surface that extend from 
the anterior side laterally then posteriorly on the lateral sides of the disc and 
stop before reaching the posterior lobes (Fig. 1 a and 1 c). A second region of en 
expression localizes to two bilaterally symmetrical bands extending from the 
anterior side of the dorsal epithelium laterally then posteriorly on the lateral 
edges of the disc and stopping just below the ventral-lateral bands (Fig. 1 a and 
1 c). A lateral and posterior view of the female disc (Fig. 1 band 1 d), shows a 
third, smaller band of en along the rim of the posterior lobes. 
In the male disc, en is expressed bilaterally in a large region of the dorsal 
half of the anterior bulbi (Fig 2a, 2b and 2c). A second region of en is 
expressed bilaterally along the rim of the posterior lobes, similar to the posterior 
en bands found in the female disc (Fig. 2a and 2d). A third, thinner band of en 
extends across the central region of the ventral side of the disc and stops before 
reaching the lateral lobes (Fig. 2a and 2d). A lateral view of the male disc (Fig. 
2d) shows the separation of these bands which is not apparent from ventral 
views. 
hedgehog. The expression of hh mimics the expression of en in both 
male and female genital discs; however, hh appears to be more diffuse than en. 
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This diffusion is attributed to the cytoplasmic expression of B-galatosidase 
under the control of hh promoter when using the hh-lacZI+ transgenic fly strain. 
The en protein product is expressed in the nucleas; therefore, detection of the 
en protein produces a more specific stain. 
In female discs, hh localizes to three bilateral regions of the disc: two 
ventral-lateral bands, two dorsal-lateral bands and along the rim of the posterior 
lobes (Fig. 3). A double stain of hh and ci-D (Fig. 4) reveals that hh and ci-D are 
located in adjacent regions,· but are not expressed coincidently. hh expression 
localizes to lateral positions of the disc while ci-D localizes to the medial 
regions of the disc. 
In male discs, two large bilaterally symmetrical areas of hh expression 
are seen in the dorsal half of the anterior bulbi (Fig. Sa, 5c, 6b, and 6c). Two 
smaller bands of hh are expressed bilaterally along the rim of the posterior 
lobes and a thin band is apparent across the central region of the ventral side of 
the disc (Fig. 5b). A double stain of hh and ci-D (Fig. 6) reveals that hh and ci-D 
occupy separate domains of the disc, similar to the pattern observed in the 
female disc. 
cubitus interruptus Dominant. ci-D is expressed in large domains of both 
male and female discs. In female discs, ci-D is expressed on the entire side of 
the ventral epithelium with the exception of two bilaterally symmetrical regions 
located on the anterior-ventral edge of the disc (Fig. ?a). These regions of non-
expression coincide with the ventral-lateral regions of en and hh expression. A 
lateral view of ci-D expression in a female disc (Fig. ?b) shows no staining on 
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the posterior-lateral edge of the dorsal epithelium. This posterior region of non-
expression also coincides with expression of en and hh. 
Localization of ci-D in-male discs identifies a large region of expression 
on the anterior-ventral side of the disc as well as expression on the lateral and 
posterior lobes (Fig. Sa). Anterior and lateral views (Fig. 8b and 8d) show a 
large area of non-expression on the dorsal side of the anterior bulbi. This 
corresponds to the large area of en and hh expression in the dorsal half of the 
anterior bulbi. A second smaller region of non-expression is apparent on the 
posterior edge of the posterior lobes (Fig. Be). This region of non-expression 
correlates to en and hh expression on the posterior lobes. 
wingless. wg expression localizes to three areas in the female disc and 
four areas in the male disc. In the female disc, a large region of wg expression 
is detected in the medial two-fourths of the anterior-ventral region of the disc 
(Fig . 9a and 9b). This region extends to the ventral one-third of the disc and to 
the anterior three-fourths of the diSc. A second region of wg expression is 
located bilaterally on the posteriormost edges of the posterior lobes (Fig. 9a). A 
third band of wg is detected in a double stain of en and wg along the edge of 
the dorsal epithelial tissue that has folded ventrally (Fig. 1 Oa). The double stain 
also reveals that the large anterior-ventral wg region abuts the anteriormost 
edge of the ventral-lateral en band (Fig. 1 Oa); however, wg is not expressed 
along the entire margin of en as it is in embryos. The wg regions on the 
posterior lobes abut the posterior-lobe en bands (Fig. 1 Oa and 1 Ob) and en 
partially encircles wg in this region (Fig. 1 Oc). The registration of wg with the 
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dorsal-lateral en band cannot be determined and there is no apparent 
association of en with wg expression on the ventral fold of the dorsal epithelium 
(Fig. 10a). 
In male discs, wg expression localizes to the medial third of the anterior-
dorsal side of the anterior bulbi (Fig. 9c and 9d) and abuts, but is not expressed 
coincident with, en in this region (Fig. 11 band 11c). A second region of wg is 
expressed bilaterally on the posteriormost edges of the posterior lobes (Fig. 9c). 
These wg patterns also abut, but are not expressed coincident with, en (Fig. 
11 b). A third region of wg expression is found in a thin band that extends 
across the center of the ventral side of the disc (Fig. 11 a). This band is located 
in an adjacent, posterior position to the en band found in this region. A fourth 
area of wg expression is located medially along the posterior edge of the disc 
(Fig. 11 a); however, it does not appear to be associated with any of the regions 
expressing en. 
decapentaplegic. The expression pattern of dpp in genital discs differs 
considerably in male and female discs. In female discs, there are two regions of 
dpp expression. Two large bilaterally symmetrical bands of dpp are expressed 
on the lateral edges of the ventral epithelium (Fig. 12a) and extend to the 
anterior side (Fig. 12b). A double stain of dpp and en reveals a second region 
of dpp expression on the lateral sides of the dorsal epithelium (Fig. 13b and 
13c). This double stain also reveals that dpp abuts en at three points. The 
ventral-lateral dpp bands are expressed posterior and adjacent to the ventral-
lateral en bands and seem to abut the entire margin of en (Fig. 13a). The 
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dorsal-lateral dpp bands are expressed anterior and adjacent to the posterior-
lobe en bands (Fig. 13c); however, dpp is not expressed along the entire 
margin of en in this region.- Tfle dorsal-lateral en bands also appear to abut the 
dorsal-lateral dpp bands on the lateral sides of the disc, but only at the 
posteriormost extension of the en bands (Fig. 13b). 
The male disc shows three regions of dpp expression. In the anterior 
bulbi, dpp is expressed bilaterally in the posteriormost part of the lateral sides of 
the anterior bulbi (Fig. 12c and 12d). Although a dorsal view of an en and dpp 
double stain (Fig. 14b) suggests coincident expression of en and dpp in this 
region , anterior and lateral views (Fig. 14c and 14d) show that this dpp region is 
actually located ventral and adjacent to en. Two bilateral circular patterns of 
dpp expression are found in the posterior half of the ventral side of the disc (Fig. 
12c). These circular patterns actually consist of two separate dpp staining 
regions. One region is located on the lateral edge of the dorsal epithelium, just 
anterior to the en bands expressed on the poaterior lobes (Fig. 14a). The 
second region is located on the ventral epithelium and is expressed adjacent 
and lateral to the mid-ventral en stripe (Fig. 14a). 
caudal. The expression of cad is almost identical in female and male 
discs. In female discs, cad is expressed in the posterior third of the dorsal 
epithelium (Fig. 15a) and extends posteriorly to the posterior lobes (Fig. 15c) 
then to the ventral side of the disc on the dorsal epithelial tissue that folds 
ventrally (Fig. 15b). A double stain of hh and cad reveals that hh is expressed 
coincident with cad in the posterior lobes (Fig. 17a) and the dorsal-lateral hh 
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bands abut cad on the dorsal side of the disc (Fig. 17b). wg is also expressed 
coincident with cad in the posterior lobes as seen in a double stain of wg and 
cad (Fig. 18a and 18b). · -·· -
In male discs, cad is expressed in the posterior half of the dorsal 
epithelium (Fig. 1 Oa) and extends posteriorly to the posterior lobes (Fig. 1 Ob). 
cad also appears to be expressed on a thin piece of dorsal epithelial tissue that 
has folded ventrally from the posterior lobes (Fig. 1 Ob). A double stain of hh 
and cad (Fig. 17c and 17d) ·reveals that in male discs, cad is expressed 
coincident with the hh bands expressed on the posterior lobes. However, the 
large hh region expressed in the anterior bulbi is not expressed coincident with 
cad. As in the female disc, wg is expressed coincident with cad in the posterior 
lobes (Fig. 18c and 18d). 
gooseberry. gsb is expressed in only one region in both male and 
female discs (Fig. 19). In female discs, gsb expression is located medially on 
the anterior-ventral side of the disc (Fig. 19a). A double stain of gsb and wg 
(Fig. 20a) shows that wg and gsb are expressed coincident in the anteriormost 
part of the disc, but gsb extends further posteriorly on the ventral side than wg. 
A hh and gsb double stain (Fig. 21 a) reveals that hh does not abut gsb in this 
region of the female disc. gsb is expressed slightly ventral to, but does not abut, 
the ventral-lateral dpp bands (Fig. 22a and 22b). 
In male discs, the expression of gsb is also on the anterior-ventral edge 
of the disc (Fig. 19b); however, the area of expression is more extensive than in 
female discs. The wg and gsb double stain (Fig. 20b) also shows coincident 
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expression of wg and gsb on the anterior side of the disc and that gsb extends 
further posteriorly than wg on the ventral side. The hh and gsb double stain 
(Fig. 21 b and 21 c) shows-thar hh and gsb abut along a ridge on the anterior-
dorsal side of the anterior bulbi before gsb extends to the ventral side of the 
disc. Similar to the female disc, dpp is expressed lateral to, but does not abut, 
gsb in the anterior bulbi (Fig. 23a and 23b). The double stain of dpp and gsb 
also clearly shows the three separate regions of dpp expression (Fig. 23a and 
23c). 
abdominal-A. Expression of abd-A is restricted to the female disc (fig. 
24a and 24b). Male discs show no abd-A expression (Fig. 24c). In female 
discs, abd-A is expressed in a large anterior-ventral region of the disc (Fig. 
24a). This region occupies approximately two-thirds of the ventral side of the 
disc and extends to the anterior side of the disc (Fig. 24b). A double stain of 
abd-A and wg (Fig. 25a and 25b) indicates that wg and abd-A are expressed 
coincident in the anteriormost part of the disc, but abd-A extends further 
ventrally and laterally than wg. A double stain of abd-A and hh (Fig. 26a and 
26b) reveals that hh is expressed in an anterior-lateral position to abd-A on the 
ventral side of the disc. 
Abdominal-B. In female discs, Abd-8 expression localizes to the entire 
ventral, anterior and dorsal sides of the disc; however, a small area along the 
edge of the posterior lobes does not express Abd-B (Fig. 27a and 27b). Abd-8 
localization in male discs shows a larger area of non-expression on the 
posterior-dorsal part of the disc (Fig. 27d) and also on the posterior rim (Fig. 
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27c). However, the ventral, anterior, and anterior-dorsal sides of the male disc 
do express Abd-8. 
cut. In female discs,-cut expression is localized to two tiny, bilateral lines 
of cells in the anterior half of the ventral side of the disc (Fig. 28a) and a large 
area along the posterior periphery of the dorsal epithelium (Fig. 28b) . 
cut expression is more extensive in male discs than in female discs (Fig. 
29). Bilateral expression of cut is apparent in the center of both lobes of the 
anterior bulbi (Fig. 29a and· 29b) as well as both lateral lobes (Fig. 29a). A 
small band of cut is expressed along the posterior periphery of the dorsal 
epithelium (Fig. 29a). A double stain of hh and cut reveals hh is expressed 
dorsal and adjacent to cut in the anterior bulbi (Fig. 30c and 30d); however, the 
association of cut and hh in the posterior part of the disc cannot be determined. 
DISCUSSION 
The complex, three-dimensional morphology of the genital discs makes it 
difficult to interpret the gene expression patterns detected in this study. This 
difficulty forces a subjective interpretation of the data. However, by comparing 
the gene expression patterns and localizing these patterns to established fate 
maps, the segmental/parasegmental organization of the discs can be 
determined. 
Segmental/parasegmental organization of genital discs 
Female discs. Three posterior compartments can be identified in the 
female disc by the expression of en and hh. Since genital discs develop from a 
fusion of embryonic segments AS, A9 and A 10 (Epper, 19S3a), the three areas 
of en and hh expression must represent the posterior compartments of AS, A9 
and A 10. Although posterior compartments of AS and A9 have been identified 
in embryos, a posterior compartment of A 10 has not been detected in embryos 
(Kuhn et al., 1992). In an analysis of en mutants, en was needed for expression 
of all three genital primordia, suggesting that all three must have a posterior 
compartment (Epper and Sanchez, 19S3). The data presented in this study 
provides evidence for posterior compartments in all three primordia: the female 
genital primordium (segment AS), the repressed male genital primordium 
(segment A9), and the anal primordium (segment A 1 0). The ventral-lateral 
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enband localizes the posterior compartment of segment AS. This conclusion 
was reached by examining the expression of hh in relation to abd-A 
expression. Since abd-A -is specific for PS7 -13 (pA 1-aAS), the region of abd-A 
expression locates aAS. The ventral-lateral hh band abuts this abd-A region on 
the anterior-lateral sides of abd-A whereas the other two hh bands do not abut 
abd-A. Although this hh band is anterior to abd-A in the disc, it was expressed 
posterior to abd-A in the embryo. When the genital discs are formed from the 
embryonic epidermis, segment AS of the embryo folds ventrally; thus the 
anterior-posterior orientation on the ventral side of the disc is reversed (Epper 
and Nothiger, 19S2; Littlefield and Bryant, 1979b). 
The dorsal-lateral bands of en and hh identify pA9. These bands are 
located in the anterior half of the dorsal epithelium, where clonal analyses have 
located the repressed male primordium (Epper, 19S3a). Since the male 
primordium is derived from serment A9, this region must be segment A9 and the 
en and hh bands found here must identify pA9. 
en and hh expression along the rim of the posterior lobes localize the 
posterior compartment of segment A 10. This conclusion is based on the 
coincident expression of hh and cad in this region. In embryos, it is unclear as 
to whether cad is expressed in PS15 (pA9-aA 1 0) or segment A 10. If cad is 
expressed in A 10, the hh and en bands of the posterior lobes must represent 
pA 1 0. If cad is expressed in PS 15, it should only be coincident with the dorsal-
lateral bands of en and hh in pA9. Since the dorsal-lateral bands of en and hh 
(pA9) are not expressed coincident with cad, cad must be expressed in 
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segment A 10, not in PS15. Therefore, the hh bands expressed coincident with 
cad on the posterior lobes must identify pA 10. 
The coincident expression of wg and abd-A in the anterior-ventral part of 
the disc indicates that wg identifies the posteriormost cells of aA8. The ventral-
lateral en bands abut wg in this region, demonstrating that the parasegment 
borders remain intact in genital discs. However, wg is no longer expressed 
along the entire margin of the en bands as it is in embryos. The pattern 
observed indicates that the-posterior compartments have migrated laterally in 
the anterior half of the disc while the domain of aA8 has expanded in the medial 
part of the disc. This same pattern is observed in the dorsal-lateral en bands 
and the en bands located on the rim of the posterior lobes. Whether the dorsal-
lateral en bands abut wg cannot be determined; however, the en bands on the 
posterior lobes do abut wg. The expression pattern of wg in the posterior lobes 
is coincident with cad, localizing it to aA 1 0. Since wg and en mark 
parasegment borders, the parasegment border marked here must be the border 
between PS15 and PS16 (aA10 and pA10). The double stains of hhand cad 
and cad and wg indicate that cad extends past the point of hh and wg 
expression in the posterior lobes. This presents the possibility of an eleventh 
segment; however, this cad extension could simply mean that aA 10 has 
migrated posteriorly. Lack of Abd-B expression along the posterior periphery 
also indicates the possibility of an eleventh segment. If Abd-B is expressed 
through PS15 (pA9-aA 1 0), this region that does not express Abd-B must 
represent either pA 10 or aA 11. However, since there is no expression of en or 
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hh in this region, it is not a posterior compartment and, therefore, must be aA 11. 
The faint band of wg expressed medially on the dorsal epithelial tissue that has 
folded ventrally could also-possibly locate aAII. 
Although the parasegment borders between wg and en are maintained, 
wg no longer marks the entire parasegment border in genital discs. That role 
seems to have been taken over by dpp. dpp is expressed adjacent to en along 
the entire margin of the ventral-lateral bands of en, but not along the entire 
margin of the dorsal-lateral ·and posterior-lobe bands of en. In embryos, dpp is 
expressed on the lateral sides of the embryos just anterior to en (Blackman et 
al., 1991 ). However, in wing and leg imaginal discs, dpp is expressed along the 
entire anterior margin of en and is believed to define the anterior-posterior 
compartment boundary (Masucci et al., 1990). In genital discs, dpp is 
expressed along the anterior margin of the ventral-lateral en bands and marks 
the anterior-posterior compartment border between aA8 and pAS. The dpp 
band expressed between the dorsal-lateral en band and the posterior-lobe en 
band is difficult to interpret. Although it clearly is expressed anterior to the 
posterior lobe band of en, the registration of dpp with the dorsal-lateral en band 
is unclear. 
The expression pattern of wg has expanded from a small stripe in 
embryos to a large area on the anterior side of the disc and two small areas on 
the posteriormost edges of the posterior lobes. This change in expression 
pattern is similar to that seen in leg and wing imaginal discs. In leg and wing 
discs, wg no longer occupies a parallel stripe to en as it does in embryos, but it 
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expands to a large sector of the disc (Bryant, 1993; Couso et al., 1993). wg is 
believed to assume a new role in leg and wing discs by determining the 
proximal-distal axis (Couso·· et al., 1993). Since wg is expressed in the most 
proximal and most distal parts of the genital discs, it is possible that wg also 
defines the proximal and distal axes of the genital disc. The establishment of a 
proximal-distal axis in wing and leg discs is believed to play a role in limb 
formation (Bryant, 1993; Couso et al., 1993). A similar function could be 
needed in genital discs. Epper (1983b) determined that in initial 
metamorphosis of the female genital disc, the anterior part of the disc protrudes 
anteriorly while the posterior lobes evaginate. The sites of the initial protrusion 
and evagination of the female disc coincide with the areas of wg expression. 
In summary, the female genital disc consists of three complete segments 
and three partial parasegments. Segment AS is located on the anterior-ventral 
side of the disc; segment A9 is located on the anterior half of the dorsal side; 
and segment A 1 0 is located on the posterior half of the dorsal side and extends 
to the posterior lobes. The parasegmental organization of the disc includes the 
posterior part of PS13 (aA8) in the anterior-ventral region of the disc; PS 14 
(pA8-aA9) in the anterior part of the disc; PS15 (pA9-aA 1 0) in the lateral-dorsal 
and posterior-dorsal half of the disc; and a possible PS16 (pA 1 0-aA 11) in the 
posterior lobes and ventral fold. 
A hypothetical model of how the segemental/parasegmental organization 
of the female genital disc could have developed from the embryonic pattern is 
presented in Fig. 31 in Appendix B. 
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Male genital discs. The segmental and parasegmental organization of 
male discs is similar to female discs. Three regions of en expression identify 
the posterior compartments of segments AS, A9 and A 10. The posterior 
compartment of AS is identified as the thin en band that extends across the 
center of the ventral side of the disc. Since this area has been determined to 
represent the repressed female primordium (Epper and Nothiger, 19S2) and the 
female primordium is derived from segment AS, the en band in this region must 
represent pAS. The large area of en expression in the anterior bulbi identifies 
pA9. Mosaic fate-map analyses have localized the male primordium, derived 
from segment A9, to the anterior and ventral sides of the disc (Bryant and Hsei, 
1977). The large band of en expression in the dorsal half of the anterior bulbi is 
located in the area determined to be the male primordium. Therefore, this en 
band must represent pA9. A double stain of hh and cad clearly shows that the 
pA9 hh band is not expressed coincident with cad, but that cad and hh appear 
to abut in this region. cad, therefore, localizes segment A 10 and is not 
expressed parasegmentally as previous studies have shown in embryos 
(MacDonald and Struhl, 19S6). The third en band, located on the rim of the 
posterior lobes, identifies pA 1 0. Since it is expressed coincident with cad, and 
cad identifies segment A 1 0, this en band must represent pA 1 0. 
As in female discs, wg is expressed in cells adjacent to en and so 
continues to be expressed in anterior compartments. The wg band located in 
the center of the ventral side of the disc abuts en along its entire margin and 
must represent aAS. Although this wg band is located posterior to en in the 
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genital disc, it was positioned anterior to en in embryos. As in female discs, 
segment AS folds ventrally to produce the ventral side of the disc, thus reversing 
the anterior-posterior orientation (Littlefield and Bryant, 1979b; Epper and 
Nothiger, 19S2). wg expression in the anterior bulbi and posterior lobes of the 
disc does not abut en along its entire margin. The expanded expression of wg 
in male discs also suggests that wg has assumed a different function in genital 
discs than that seen in embryos. Again, as in female discs, wg is expressed at 
the most proximal and most distal ends of the disc, suggesting a role in 
establishing the proximal and distal axes. 
To localize anterior compartments within the male disc, dpp serves as a 
more suitable marker. dpp expression is located anterior to en in the anterior 
bulbi and, therefore, marks the border between PS14 (pAS-aA9) and PS 15 
(pA9-aA 1 0). PS14 extends ventrally to include the thin en band (pAS) located 
in the mid-ventral region of the disc. Anterior A9 must, therefore, be expressed 
in the anterior-ventral region of the disc. The anterior limit of aA9 in male 
genital discs is where dpp abuts en in the anterior bulbi. The posterior limit of 
aA9 occurs where the thin ventral en band begins. 
The thin ventral en band is also associated with dpp expression on its 
lateral ends. If this thin en band represents pAS, the adjacent thin wg and 
lateral dpp bands must represent aAS. Since there is no abd-A expression in 
male discs, aAS cannot be localized in its entirety. The anterior limit of aAS 
occurs where wg abuts en in the mid-ventral region of the disc; however, the 
posterior limit cannot be determined. A third band of dpp extends along the 
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lateral rim of the posterior lobes and is expressed anterior to en on the posterior 
lobes. The en and dpp association in this area must mark the border between 
PS15 and PS 16. en, dpp, -an-d wg all converge in this region of the posterior 
lobes which also coincides with cad expression. Because cad expression 
extends beyond this point, it is possible that cad is expressed in segment A 11 
as well as A 10. However, as in the female discs, aA 10 could have migrated 
posteriorly when the genital discs were formed. Lack of Abd-8 expression in 
the posterior part of the dorsal side of the disc and along the posterior edge also 
suggests a possible segment A 11. If Abd-8 is expressed through PS15 (pA9-
aA 1 0), the lack of Abd-8 expression in this region would localize pA 10 or aA 11. 
Since en and hh are not expressed in this region, this area cannot be a 
posterior compartment. It must, therefore, represent aA 11. wg is also 
expressed medially along the posterior edge of the dorsal epithelium, possibly 
marking aA 11. 
In summary, the male genital disc consists of three complete segments 
and three partial parasegments. Segment AS is located in the mid-ventral 
region of the disc; segment A9 is located in the anterior-ventral side of the disc; 
and segment A 1 0 extends from the dorsal half of the disc to the posterior lobes. 
The parasegmental organization of the male disc includes the posterior part of 
PS13 (aA8) in the mid-ventral part of the disc; PS14 (pA8-aA9) extends from the 
mid-ventral region to the ventral side of the anterior bulbi; PS15 (pA9-aA 1 0) 
extends from the dorsal half of the anterior bulbi to the posterior lobes; and a 
possible PS16 (pA 1 0-aA 11) on the posterior lobes. 
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A hypothetical model of how this segmental/parasegmental organization 
of the male disc could develop from the embryonic pattern is presented in Fig. 
32 in Appendix B. 
Localization of the three primordia in genital discs 
Now that the segmental/parasegmental organization of the genital discs 
has been more clearly defined, the genital and anal primordia can be easily 
localized. 
Female discs. In female discs, the female genital primordium (AS) is 
located in the large anterior-ventral lobes. This conforms with the findings of 
Epper and Nothiger (19S2) who localized the female primordium to the ventral 
epithelium using clonal analysis. Since the female primordium is derived from 
segment AS, the expression patterns of abd-A (aAS) and the ventral-lateral en 
band (pAS) provide a more precise localization of this primordium. abd-A 
expression localizes the posterior limit of the female primordium to the anterior 
two-thirds of the ventral side of the disc. The anterior limit is set by the ventral-
lateral en band and extends to the ventral three-fourths of the anterior side of 
the disc. 
The repressed male primordium (A9) is more difficult to localize because 
the only marker for this region is the dorsal-lateral band of en expression (pA9). 
There is no known gene that is expressed in aA9 only. The clonal analysis by 
Epper and Nothiger (19S2) localized the repressed male primordium to the 
anterior half of the dorsal epithelium; however, the anterior and posterior limits 
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could not be determined. If en expression along the dorsal-lateral side of the 
disc marks the posterior limit of the repressed male primordium, this primordium 
would be confined to the -dorsal fourth of the anterior side of the disc. However, 
it is possible for aA9 to have extended posteriorly on the dorsal side of the disc. 
If aA9 did extend posteriorly, then its posterior limit would end where the 
expression of cad begins on the dorsal side of the disc. 
The anal primordium, derived from segment A 10, is localized to the 
posterior lobes as evidenced by the expression of cad which is specific for A 10. 
This conforms with the clonal analysis of Epper and Nothiger (1982) who also 
localized the anal primordium to the posterior lobes. cad localizes the anterior 
limit of the anal primordium to the posterior third of the dorsal side of the disc 
and the posterior third of the ventral side of the disc. It is unclear whether the 
anal primordium consists of A 10 and A 11. cad extends past the presumptive 
pA 10 band of en, suggesting it may define A 11. However, this could be due to 
a posterior migration of aA 10, as the posterior compartments migrated laterally. 
Male discs. In the male genital disc, the male genital primordium 
(segment A9) localizes to the anterior bulbi as determined by the expression of 
en in the dorsal half of the bulbi (pA9) and dpp expression just ventral to en 
(aA9). This conforms with fate-map analyses that show the adult male genitalia 
developing from this region (Bryant and Hsei, 1977). The dorsal limit of the 
male genital primordia is set by en expression in the dorsal half of the anterior 
bulbi. The ventral or posterior limit cannot be distinguished ; however, it must 
end where the mid-ventral en band begins (pAS). 
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The repressed female primordium (segment AS) is located in the center 
of the ventral side of the disc. The anterior limit for the repressed female 
primordium is marked by-the-expression of en (pAS) in the mid-ventral region of 
the disc while the posterior limit cannot be determined due to lack of abd-A 
expression in male discs. 
As in female discs, the anal primordium (segment A 1 0) is localized to the 
posterior lobes as determined by the expression of cad (A 1 0) in this region. 
The anterior limits of the anal primordium extend to the posterior half of the 
dorsal side and the posterior fourth of the ventral side. Whether or not the anal 
primordium includes A 11 cannot be determined. 
The lack of expression of abd-A in the repressed female primordium 
poses an interesting question. Why do the segment polarity genes en and wg 
continue to be expressed in the repressed primordium but the homeotic genes 
do not? The expression of segment polarity genes in the repressed primordium 
may be necessary to maintain the segmental field. While trying to determine 
why the repressed primordia are retained during genital disc development, 
Epper and Nothiger (19S2) suggested that primordial cells of the repressed 
primordia may function in providing positional information necessary for 
stabilizing the segmental field. Segment polarity genes could provide the 
positional information needed for this purpose, while homeotic genes may be 
needed for determining whether male or female genital structures develop. 
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Localization of adult structures using established fate maps 
Female discs. The female genital disc gives rise to the internal genitalia, 
excluding the ovaries; the exrernal genitalia; the analia, including dorsal and 
ventral anal plates; the hindgut; and the eighth tergite (Littlefield and Bryant, 
1979a). The external genitalia consists of paired, chitinous vaginal plates 
which border the vulva. Attached to the vulva is the posteriormost part of the 
internal genitalia, the vagina. Anteriorly, the vagina thickens into the uterus and 
runs into the common oviduct which splits to form two lateral oviducts. Two 
paired spermathecae and parovaria are attached to the dorsal side of the uterus 
and the seminal receptacle is attached to the uterus, ventral to the 
spermathecae. The an alia consist of two chitinous anal plates: a dorsal anal 
plate and a ventral anal plate. The hindgut opens between the anal plates and 
a chitinized eighth tergite circles the anal plates. 
Established fate maps have localized the internal genitalia to the anterior 
half of the disc (Epper, 1983b; Littfefield and Bryant, 1979a); external genitalia 
to the posterior half of the ventral epithelium (Epper, 1983b); and the analia to 
the lateral corners of the posterior part of the dorsal epithelium (Epper, 1983b). 
The anteriormost internal structure, the oviduct, localized to the medial region of 
the anterior edge of the disc and the uterus posterior to the oviduct (Littlefield 
and Bryant, 1979a). The vagina and vulva are derived from the central third of 
the ventral epithelium along the sagittal midline while the vaginal plates and 
eighth tergites are derived from the two lateral thirds (Epper, 1983b). The 
spermathecae and parovaria localized to bilateral regions of the anterior side of 
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the disc (Littlefield and Bryant, 1979a). The spermathecae arise from near the 
midline of the anterior margin of the ventral epithelium (Littlefield and Bryant, 
1979a; Epper, 1983b), white fhe parovaria localized to the dorsal epithelium 
(Epper, 1983b). Littlefield and Bryant (1979a) also noted that all unpaired 
structures were located at the midline and all paired structures were arranged 
bilaterally. 
The information obtained from fate maps indicates that the internal 
structures are derived from the anteriormost part of the disc. During 
morphogenesis, this region protrudes anteriorly along the anterior-posterior 
axis (Epper, 1983b). Gene products expressed in this region are wg, abd-A, 
and gsb. Since wg and gsb are segment polarity genes, they may be needed to 
direct morphogenesis along the proximal-distal axis. As a homeotic gene, abd-
A may provide specific identity to aAB that directs it to form female genitalia. 
The oviduct, uterus, vagina and vulva are all derived from the medial region of 
the anterior part of the ventral epithelium. This region corresponds to the 
expression of abd-A. The vaginal plates and eighth tergite, which localized to 
the two lateral thirds, could also be derived from the abd-A domain. 
B-gal localization of en expression in adult genitalia indicates that en is 
expressed in the proximal region of the dorsal anal plate, uterus, vagina and 
parovaria (Hama et al., 1990). Since the uterus and vagina are derived from 
the anterior-ventral part of the disc, the en expression in these structures must 
represent pAS localized in the ventral-lateral band of en. From the hh and abd-
A double stain one can see that hh is expressed in exterior cells that overlay the 
interior abd-A cells. This ventral-lateral hh band is located in a proximal 
position to abd-A in the disc. Since internal genitalia arise from protrusion of 
the anterior side of the disc,·-frh and en should be expressed in the proximal 
regions of the uterus and vagina. 
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The external genitalia and analia are derived from the posterior part of 
the disc which undergoes complex rearrangements during morphogenesis 
(Epper, 1983b). The disc opens at the stalk along the posterior edge and the 
dorsal epithelium folds out gradually (Epper, 1983b). The anlage of the dorsal 
anal plate located in the posteriormost part of the dorsal epithelium turns inside 
out, reversing its anterior-posterior axis (Epper, 1983b). Therefore, the 
positions of the dorsal and ventral anal primordia are inverted with respect to 
the orientation of the external genitalia (Epper, 1983b). 
Since B-gallocalization of en marks the proximal region of the dorsal 
anal plate and the anal plates are derived from the posterior lobes, the dorsal 
anal plate must be partially derived from the pA 10 en band located on the 
posterior lobes. This is consistent with clonal analysis that has localized the 
anal primordium to the posterior lobes (Epper and Nothiger, 1982). However, 
the extension of the anal plate anlage cannot be determined. 
In the genital disc, the dorsal ends of the vaginal plates point toward the 
anterior end of the disc, next to the internal genital anlage and the ventral end of 
the vaginal plates points posteriorly (Littlefield and Bryant, 1979a). After 
eversion during metamorphosis, the ventral ends should point anteriorly in the 
adult and the dorsal ends should point posteriorly. Localization of cut in the 
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genital disc identifies a thin line of cut-expressing cells in the ventral epithelium. 
Since cut is specific for external sense cells, this region may represent the thorn 
bristles located in the dorsaf end of the vaginal plates. This would localize the 
anterior end of the vaginal plate anlage to the central region of the ventral disc 
epithelium. 
Since the parovaria have been localized to the anterior region of the 
dorsal epithelium and en is expressed in the parovaria of the adult, the anlage 
for the parovaria must lie in- the dorsal-lateral en band of the genital disc. This 
indicates that the parovaria are derived from pA9. The fact that the parovaria o~ 
Musca domestica are derived from imaginal segment A9 (Epper, 1983a) 
supports this conclusion. 
Male disc. Mosaic fate-map analyses of male genital discs have 
localized the male internal and external genitalia to the anterior and ventral 
sides of the disc and the analia and hindgut to the posterior half of the disc 
(Bryant and Hsei, 1977; Littlefield and Bryant, 1979b). As in the female disc, the 
internal and external male genital anlagen are arranged in the same anterior-
posterior orientation as they appear in the adult (Littlefield and Bryant, 1979b). 
The sperm pump, ejaculatory duct, penis apparatus and pons are 
derived from the medial region of the anterior bulbi, while the bilateral Vas 
deferens, paragonium and hypandrium are derived from lateral regions of the 
anterior bulbi (Bryant and Hsei, 1977). The bilateral anlagen for the claspers 
are located in the posterior-lateral region of the anterior bulbi while the paired 
anlagen of the genital arch and lateral plates are located in the lateral lobes 
(Epper, 1983c). The anal plates localized to bilateral regions of the posterior 
half of the disc and the hindgut localized to the medial region of the posterior 
half of the disc (Bryant and HSei, 1977). 
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cut expression in a large bilateral region of the anterior bulbi identifies 
the anlagen of external sense cells. The only adult structure that is derived from 
this region that has external sense cells are the bilateral claspers. cut 
expression is also present in the lateral lobes which should localize the sense 
cells of the lateral plates and/or genital arch. A wide band of cut expression 
along the periphery of the posterior ventral fold should localize the sense cells 
of the anal plates. 
B-gal localization of en expression in adult male genitalia indicates that 
en is expressed in the penis, penis mantle, clasper, sperm pump, a thin band of 
the genital arch, and dorsal portions of the anus and anal plates (Ham a et al., 
1990). This indicates that these structures must be partially derived from 
posterior compartments of the genital disc. Since the penis, penis mantle, 
claspers and sperm pump are all derived from the anterior bulbi, the large en 
region of the bulbi, localizing pA9, must give rise to the posterior compartments 
of these structures. The en expression in the anus and anal plates indicates 
that these structures are partially derived from the en band located in the 
posterior lobes, representing pA 1 0. The origin of the thin band of en expression 
seen in the genital arch is difficult to determine. The pA 1 0 band could extend 
slightly to the lateral lobes; however, this was not detected. A second 
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alternative is that the thin en band of pAS extends to the lateral lobes; however, 
this also could not be determined. 
The expression of wgand gsb in the medial region of the anterior bulbi 
corresponds to the anlagen of the sperm pump, ejaculatory duct and penis 
apparatus. The anlagen for the sperm pump and penis apparatus must extend 
laterally to the pA9 en region. Since the ejaculatory duct, pons, Vas deferens, 
paragonium and hypandrium show no en expression in the adult, they must be 
confined to aA9. 
Future studies 
The localization of the Class A, Class 8 and Class C transcripts of the 
Abd-8 gene using in situ hybridization should more clearly define the 
segment/parasegment organization of the genital discs. The Class A transcript, 
specific to PS10-PS13, should localize the posterior part of PS13 (aAB) in 
genital discs while the Class 8 and qlass C transcripts, specific for PS14 and 
PS 15, should localize PS 14 (pA8-aA9) and PS 15 (pA9-aA 1 0) in genital discs. 
The Class A transcript would pinpoint the anterior compartment of the female 
primordium and the Class 8 and Class C transcripts should pinpoint the 
posterior part of the female primordium, the male primordium, and the anterior 
part of the anal primordium. 
To more precisely fate map the genital disc to adult structures, it will be 
necessary to localize the expression of the segment polarity and homeotic 
genes in the adult genitalia. The dark pigmentation of the adult cuticle makes 
antibody detection difficult; however, B-gallocalization of gene expression 
using /acZtransgenic fly strains has proven successful. 
Ideally, a determination of gene expression in first and second instar 
larval genital discs is necessary to fully understand how embryonic segments 
develop into genital discs. However, the small size of the discs in first and 
second instar larvae makes this task almost impossible. 
A major problem encountered in this study was trying to determine 
whether different gene products were expressed in the same cells or in cells 
overlaying interior cells. Slicing discs into histological sections after staining 
would help determine the spacial orientation of gene expression. A second 
alternative involves using flourescent antibodies to detect gene expression. If 
two different flourescent dyes are used to detect two different gene products, 
genes expressed in the same cells should produce a color reaction that is 




Expression Patterns of Developmental Genes 
Figure 1. Expression of en in female genital discs of wild-type third-instar 
larvae. (a) Ventral view showing ventral-lateral (1 ), dorsal-lateral (2), and 
posterior-lobe (3) en bands. (b) Ventral-lateral view showing separation of en 
bands on lateral edge. (c) Anterior view of ventral-lateral (1) and dorsal-lateral 
(2) en bands. (d) Posterior view of posterior-lobe en band (3). Abbreviations 




Figure 2. Expression of en in male genital discs of wild-type third-instar 
larvae. (a) Ventral view of en expression in anterior bulbi (1 ), on posterior lobes 
(2), and in mid-ventral stripe (3). (b) Anterior view of en expression in dorsal 
part of anterior bulbi. (c) Lateral view of en expression in dorsal part of anterior 
bulbi. (d) Lateral view showing separation of en regions on lateral side of disc. 
Abbreviations used: a, anterior; d, dorsal ; p, posterior; v, ventral. 
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Figure 3. Expression of hh in female genital discs of hh-lacZI+ third-
instar larvae. (a) Ventral view of hh expression in ventral-lateral (1) and 
posterior-lobe (3) hh bands. (b) Anterior-ventral view of ventral-lateral (1) and 
dorsal-lateral (2) hh bands. (c) Anterior view of ventral-lateral (1) and dorsal-
lateral (2) hh bands. (d) Lateral view of hh expression in ventral-lateral (1) and 
dorsal-lateral (2) bands and on edge of posterior lobe (3). Abbreviations used: 




Figure 4. Expression of hh (blue) and ci-D (brown) in female genital 
discs of hh-JacZI+ third-instar larvae. (a) Ventral view shows hh is expressed in 
an anterior-lateral position to ci-0. (b) Lateral view shows hh is expressed 
dorsally to ci-D on lateral edge. Abbreviations used: a, anterior; d, dorsal; p, 
posterior; v, ventral. 
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Figure 5. Expression of hh in male genital discs of hh-lacZI+ third-instar 
larvae. (a) Dorsal view of hh expression in anterior bulbi (1) and on edge of 
posterior lobes (2). (b) Ventral view of hh expression in mid-ventral stripe (3). 
(c) Anterior view of hh expression in dorsal part of anterior bulbi (3). 









Figure 6. Expression of hh (blue) and ci-0 (brown) in male genital discs 
of hh-lacZI+ third-instar larvae. (a) Ventral view shows localization of ci-Oto 
anterior bulbi, lateral lobes, and posterior lobes. (b) Anterior view shows hh is 
expressed dorsally to ci-0 in anterior bulbi. (c) Lateral view shows hh 
expression in dorsal part of anterior bulbi and on posterior lobes and ci-0 is 
expressed on ventral side of disc. Abbreviations used: a, anterior; d, dorsal; p, 







Figure 7. Expression of ci-D in female genital discs of wild-type third-
instar larvae. Arrows point to regions that do not express ci-D. (a) Ventral view 
shows ci-D expression is localized to a large region of the ventral side of the 
disc and is not expressed in ventral-lateral regions of the anteriormost part of 
the disc. (b) Lateral view shows no expression of ci-D on the posterior lobe. 
Abbreviations used: a, anterior; d, dorsal; p, posterior; v, ventral. 
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Figure 8. Expression of ci-0 in male genital discs of wild-type third-instar 
larvae. Arrows point to regions that do not express ci-0. (a) Ventral view 
showing ci-0 expression in the anterior bulbi, lateral lobes and in mid-ventral 
region of the disc, and no expression in the anteriormost part of the disc. (b) 
Anterior view showing lack of ci-0 expression in the dorsal part of the anterior 
bulbi. (c) Posterior view shows no ci-0 expression on the rim of the posterior 
lobes. (d) Lateral view shows no expression of ci-0 in the dorsal part of the 





Figure 9. Expression of wg in female and male genital discs of wg-
lacZ!CyO third-instar larvae. (a) Ventral view of female disc showing wg 
expression in anterior-ventral region and at edge of posterior lobes. (b) Anterior 
view of wg expression on anterior side of female disc. (c) Ventral view of male 
disc showing wg expression in anterior region and on edge of posterior lobes. 
(d) Anterior view of male disc shows wg is expressed in dorsal part of anterior 
side of disc. Abbreviations used: a, anterior; d, dorsal; p, posterior; v, ventral. 
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Figure 10. Expression of wg (blue) and en (brown) in female genital 
discs of wg-lacZ/CyO third-instar larvae. (a) Ventral view shows wg abuts en at 
anteriormost expression of ventral-lateral en band (1) and on posterior lobes (2) 
and wg expression on dorsal epithelial tissue that has folded ventrally (3). (b) 
Posterior view showing wg is expressed adjacent to en on edge of posterior 
lobes. (c) Lateral view showing en band on posterior lobe partially encircles wg 








Figure 11. Expression of wg (blue) and en (brown) in male genital discs 
of wg-JacZ/CyO third-instar larvae. (a) Ventral view shows mid-ventral en band 
is located adjacent and anterior to mid-ventral wg band (1) and wg is expressed 
on posterior edge of dorsal epithelial tissue (2) . (b) Dorsal view shows wg 
abuts en in anterior bulbi (3) and posterior lobes (4). (c) Anterior view shows en 
and wg abut in dorsal part of anterior bulbi. Abbreviations used: a, anterior; d, 









Figure 12. Expression of dpp in female and male genital discs of dpp-
lacZI+ third-instar larvae. (a) Ventral view of female disc showing ventral-lateral 
expression of dpp. (b) Anterior view of female disc shows anterior extension of 
dpp expression. (c) Ventral view of male disc identifies dpp expression in 
anterior-bulbi (1 ), lateral lobes (2) and posterior edge (3). (d) Anterior view of 
male disc shows dpp localization to ventral part of anterior-bulbi. Abbreviations 
used: a, anterior; d, dorsal; p, posterior; v, ventral. 
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Figure 13. Expression of dpp (blue) and en (brown) in female genital 
discs of dpp-JacZI+ third-instar larvae. (a) Ventral view showing dpp is 
expressed posterior to ventral-lateral en band (1 ). (b) Ventral-lateral view 
showing dorsal-lateral dpp band is expressed between dorsal-lateral en band 
(2) and en band on posterior lobe (3) . (c) Lateral view showing dorsal-lateral 
dpp band is anterior to en band on posterior lobe. Abbreviations used: a, 
anterior; d, dorsal; p, posterior; v, ventral. 
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Figure 14. Expression of dpp (blue) and en (brown) in male genital discs 
of dpp-lacZI+ third-instar larvae. (a) Ventral view shows dpp abuts lateral edges 
of mid-ventral en band (1) and dpp is expressed anterior to en on posterior 
lobes (2) . (b) Dorsal view shows dpp and en expression in anterior bulbi. (c) 
Anterior view shows dpp is expressed ventral to en in anterior bulbi. (d) Lateral 
view shows dpp expression ventral to en in posteriormost part of anterior bulbi. 










Figure 15. Expression of cad in female genital discs of wild-type third-
instar larvae. (a) Dorsal view of cad expression in posterior third of disc. (b) 
Ventral view showing cad expression on dorsal epithelial tissue that has folded 
ventrally. (c) Posterior view of cad expression on posterior lobes. 
Abbreviations used : a, anterior; d, dorsal; p, posterior; v, ventral. 
61 
b 
Figure 16. Expression of cad in male genital discs of wild-type third-
instar larvae. Arrows point to regions of cad expression. (a) Dorsal view shows 
localization of cad to the posterior half of the dorsal epithelium. (b) Posterior 
view shows the extension of cad to the posterior lobes and on a thin piece of 
tissue that folds ventrally. Abbreviations used: a, anterior; d, dorsal; p, 






Figure 17. Expression of hh (blue) and cad (brown) in female and male 
genital discs of hh-lacZI+ third-instar larvae. Arrows point to regions of hh 
expression. (a) Ventral view of female disc shows coincident expression of hh 
and cad on the rim of the posterior lobes. (b) Dorsal view of female disc shows 
that the dorsal-lateral hh band abuts the region of cad expression. (c) Dorsal 
view of male disc shows coincident expression of hh and cad in the posterior 
lobes and cad abuts the large region of hh expression in the anterior bulbi. (d) 
Dorsal-posterior view of male disc shows hh is expressed coincident with cad 
on the edge of the posterior lobes. Abbreviations used: a, anterior; d, dorsal; p, 









Figure 18. Expression of wg (blue) and cad (brown) in female and male 
genital discs of wg-/acZ/CyO third-instar larvae. Arrows point to wg expression 
in posterior lobes. (a) Dorsal view of female disc showing coincident 
expression of wg and cad in posterior lobes. (b) Posterior view of female disc 
showing wg is expressed coincident with cad in center of posterior lobes. (c) 
Ventral view of male disc showing the coincident expression of wg and cad in 
posterior lobes. (d) Dorsal view of male disc showing wg expression in the 
center of the posterior lobes. Abbreviations used: a, anterior; d, dorsal; p, 
posterior; v, ventral. 
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Figure 19. Expression of gsb in female and male genital discs of wild-
type third-instar larvae. (a) Ventral view of female disc showing gsb expression 
on anterior-ventral side of disc. (b) Ventral view of male disc shows gsb 






Figure 20. Expression of wg (blue) and gsb (brown) in female and male 
genital discs of wg-/acZ/CyO third-instar larvae. Arrows point to regions of gsb 
expression. (a) Ventral view of female disc shows coincident expression of wg 
and gsb in anteriormost part of disc and that gsb extends further posteriorly than 
wg. (b) Ventral view of male disc shows coincident expression of gsb and wg 
on anterior side of disc and that gsb extends further posteriorly than wg on 
ventral side. Abbreviations used: a, anterior; p, posterior. 
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Figure 21. Expression of hh (blue) and gsb (brown) in female and male 
genital discs of hh-lacZI+ third-instar larvae. (a) Ventral view of female disc 
shows that hh and gsb do not abut on ventral side of disc. (b) Ventral view of 
male disc shows the adjacent expression of hh and gsb in anterior bulbi. (c) 
Anterior view of male disc shows gsb and hh abut along a rim of the anterior 










Figure 22. Expression of dpp (blue) and gsb (brown) in female genital 
discs of dpp-lacZI+ third-instar larvae. (a) Ventral view showing ventral-lateral 
dpp band does not abut anterior-ventral gsb region. (b) Anterior view showing 
gsb is expressed slightly ventral to ventral-lateral dpp band. Abbreviations 




Figure 23. Expression of dpp (blue) and gsb (brown) in male genital 
discs of dpp-JacZI+ third-in star larvae. (a) Ventral view shows dpp is expressed 
posterior to gsb in anterior bulbi (1) and no association of gsb with dpp on 
posterior edge (2) or mid-ventral region (3). (b) Anterior view showing medial 
expression of gsb and lateral expression of dpp. (c) Lateral view shows three 
spatially separate dpp regions of expression in anterior bulbi (1 ), on posterior 
edge (2) and in mid-ventral region (3). Abbreviations used: a, anterior; d, 
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Figure 24. Expression of abd-A in female and male genital discs of wild-
type third-instar larvae. (a) Ventral view of female disc showing abd-A 
expression in anterior two-thirds of ventral side. (b) Anterior view of female disc 
shows abd-A expression extends to ventral three-fourths of anterior side of disc. 
(c) Ventral view of male disc shows no expression of abd-A. Abbreviations 





Figure 25. Expression of wg (blue) and abd-A (brown) in female genital 
discs of wg-lacZ/CyO third-instar larvae. (a) Ventral view shows wg is 
expressed coincident with abd-A in anterior-ventral part of disc. (b) Ventral-
lateral view shows abd-A extends further posteriorly and laterally than wg. 






Figure 26. Expression of hh (blue) and abd-A (brown) in female genital 
discs of hh-lacZI+ third-instar larvae. (a) Ventral view showing hh expression 
anterior to abd-A expression. (b) Anterior view showing hh is expressed 
dorsally to abd-A on anterior side of disc. Abbreviations used: a, anterior; d, 
dorsal ; p, posterior; v, ventral. 
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Figure 27. Expression of Abd-B in female and male genital discs of wild-
type third-instar larvae. Arrows point to regions that do not express Abd-8. (a) 
Ventral view of female disc shows no expression of Abd-B along posterior edge 
of disc. (b) Lateral view of female disc shows no Abd-B expression on posterior 
rim of dorsal epithelium. (c) Ventral view of male disc shows no expression of 
Abd-8 on posterior edge of disc. (d) Dorsal view of male disc shows large area 
that lacks Abd-B expression on posterior part of dorsal epithelium. 
Abbreviations used: a, anterior; d, dorsal; p, posterior; v, ventral. 
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Figure 28. Expression of cut in female genital discs of wild-type third-
instar larvae. (a) Ventral view shows cut expression in two bilaterally 
symmetrical lines in the anterior-ventral part of the disc and on edge of posterior 
lobes. (b) Dorsal view showing cut expression on posterior edge of disc. 
Abbreviations used : a, anterior; p, posterior. 
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Figure 29. Expression of cut in male genital discs of wild-type third-instar 
larvae. (a) Ventral view shows localization of cutto anterior-bulbi (1), lateral 
lobes (2), and posterior edge (3) . (b) Anterior view shows cut is expressed in 







Figure 30. Expression of hh (blue) and cut (brown) in male genital discs 
of hh-lacZI+ third-instar larvae. (a) Dorsal view showing localization of cut in 
anterior bulbi (1) and lateral lobes (2). (b) Ventral view showing cut expression 
in anterior bulbi (1) and lateral lobes (2): (c) Anterior view showing hh is 
expressed dorsal to cut in anterior bulbi. (d) Lateral view showing cut is 
expressed ventral to hh in anterior bulbi and anterior to hh in lateral lobes. 
















Models of Genital Disc Formation 
Figure 31. Hypothetical model illustrating how the 
segmental/parasegmental organization of the female genital disc could have 
developed from the embryonic pattern. (a) Posterior compartments of 
embryonic segments AS, A9, and A 10 migrate laterally, while anterior 
compartments of AS, A9, and A 10 migrate posteriorly. (b) Anterior and posterior 
ends of embryonic epidermis fold ventrally. (c) Anterior view of third-instar 
larval genital disc. (d) Ventral view of third-instar larval genital disc. (e) Lateral 
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Figure 32. Hypothetical model illustrating how the 
segmental/parasegmental organization of the male genital disc could have 
developed from the embryonic pattern. (a) Posterior compartments of 
embryonic segments A9 and A 10 migrate laterally, while anterior compartments 
of A9 and A10 migrate posteriorly. (b) Anterior and posterior ends of embryonic 
epidermis fold ventrally. (c) Anterior view of third-instar larval genital disc. (d) 
Ventral view of third-instar larval genital disc. (e) Lateral view of third-instar 
larval genital disc. 
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